A new engineering course at a large land-grant university seeks to introduce non-engineers to the profession via a combination of artistic endeavors, social science analyses, engineering design thinking, and community practice. The course introduces a new concept, "citizen engineering," borrowed from a tradition of citizen science in which community members ("non-experts") identify scientific questions and proceed through a formal process, such as participatory action research, to seek answers to their questions by defining and driving their own processes of inquiry and analysis, sometimes but not always with the cooperation of trained scientists.
Introduction
A new engineering course at a large land-grant university seeks to introduce non-engineers to the profession via a combination of artistic endeavors, social science analyses, engineering design thinking, and community practice. The course introduces a new concept, "citizen engineering," borrowed from a tradition of citizen science in which community members ("non-experts") identify scientific questions and proceed through formal processes, such as participatory action research, to systematically seek answers to their questions by defining and driving their own processes of inquiry and analysis, sometimes but not always with the cooperation of trained scientists. 1, 2 . Extending this analogy to engineering additionally entails community participation in engineering processes such as problem formulation, establishing design criteria, ideation, evaluation of design alternatives, Making and fabrication, iteration, and more. 3 In this paper we provide background on course development in our institutional context; motivate the course organizational theme of Citizen Engineering; describe learning outcomes developed from research findings and the course content and activities designed to meet those outcomes; describe findings from independent course observations, student feedback, and evaluation of student work; and reflect on the course, discuss administrative obstacles we encountered, and identify paths for future research and course development.
Context and Background
The new Citizen Engineering Course builds on two traditions at the institution: the presence of a strong Science and Technology in Society (STS) department in the College of Liberal Arts and Human Sciences, and the university's Curriculum for Liberal Education (CLE), which ensures graduates attain knowledge across six classic content areas in the liberal arts, and is currently under revision in academic year 2015-16. Our STS program has a core strength in Engineering Studies, and has offered a course since 1995, Engineering Cultures, which helps engineers understand and reflect on their own problem-solving activities as perspectives that both could have been otherwise and must live amidst other perspectives. The principal means is to help students learn about engineering in different times and places sufficiently that they can recognize, understand, respect, and possibly even value perspectives other than their own. For students trained to understand problems as given and answers as either right or wrong, putting in historical and global perspective what they value in themselves is no easy task. 4 This course has been replicated and enhanced at other institutions around the country and online, [5] [6] [7] and is part of the CLE at our institution.
Against this backdrop, our institution received a WIDER grant from the National Science Foundation 8 to conduct research to elicit and characterize essential components of engineering literacy, with the aim of making engineering literacy part of the Curriculum for Liberal Education. Where the Engineering Cultures course offers engineers an opportunity to develop cultural competencies through the CLE, a new course would be designed to offer engineering competency development to non-engineers.
The course was designed based on findings from the first year of the project identifying core competencies for engineering literacy and characterizing how faculty and students value excellence in teaching and active learning within the liberal education curriculum. These were developed from a literature review, a review of CLE course syllabi, teaching evaluation surveys, interviews, and focus groups, building a broad and expansive conceptualization "with engineering knowledge as a key component in discussing and offering critical perspectives about issues that surround social needs." 9 The components used in the course were ultimately adapted from Chae and colleagues' work 10 and included abilities to do the following:
• discuss, critique, and make decisions about national, local, and personal issues that involve engineering solutions; • understand and explain how basic societal needs (e.g., water, food, and energy) are processed, produced, and transported; • solve basic problems faced in everyday life by employing concepts and models of science, technology, and mathematics.
Why Citizen Engineering?
Unlike its parallel, citizen science, the phrase citizen engineering has not been in common use. A book on engineering ethics entitled Citizen Engineer 11 emphasizes the duties of professional engineers to act as citizens (i.e. work in the public interest), but it does not consider democratized notions of non-engineer citizens engaging engineering. Ed Layton's history of the formation of engineering as a profession in the US in the Progressive Era 12 reveals some early conceptualizations of engineers working in the public interest, or at least citing the public interest as a noble aspiration for the profession. However, Layton carefully shows how engineers are primarily concerned with the status of the profession and therefore reserve for themselves alone a sphere of action as privileged experts isolated from the very public that the profession purports to serve.
Engineering historian Matt Wisnioski 13 documents a 1960s resurgence of engineers working toward the public interest through projects such as Volunteers in Technical Assistance (VITA) and the Committee for Social Responsibility in Engineering (CSRE). While the former employed volunteerism and appropriate technology frameworks and the latter focused on social action in opposition to the military-industrial complex, neither group questioned the role of engineers as technical experts in society.
These notions stand in contrast to the strong tradition -in certain strands of citizen science -of democratization of science and community collaborations in which expertise is shared. 1, 14, 15 It is this contrast of orientations toward expertise that caused us to frame the course around a concept of citizen engineering that parallels the democratized strain of citizen science. The authors' prior experience in science and engineering classrooms and in community-based learning projects related to engineering [16] [17] [18] suggest that disrupting the notion of engineers' expertise is central to both non-engineers gaining confidence to attempt engineering and engineers developing epistemic humility to work across disciplines. 19 Therefore, the disruption of engineering expertise is a central goal of the course. We use disruption here not as innovation jargon 20 but rather in the common sense of a disturbance that interrupts one's course. By questioning the commonly held assumption, shared by engineers and non-engineers alike, that engineers hold, or ought to hold, particular expertise and power around technology, we seek for learners to come into their own sense of engineering agency, which in turn facilitates engineering literacy.
In May 2015, while ruminating on the design of this course, one of us (Riley) attended a weeklong workshop at the Highlander Research and Education Center in Tennessee, where she learned of the Highlander ideal of popular education and their strain of participatory action research 1 implemented in Appalachia. For example, in the 1970s at Bumpass Cove, TN, citizens collected data in their community and conducted research at the Highlander Center to expose illegal dumping of hazardous wastes in their community, which had rendered their rivers unfishable, among other negative environmental impacts. The citizens in the community began with no prior expertise and some without a high school education. Their research forced the state of Tennessee to take action and end the illegal dumping. As the cleanup progressed, the community members became not only citizen scientists, but also citizen engineers as they provided input into design processes for environmental remediation. 21 While the use of the word citizen is clearly problematic in the term citizen science or citizen engineering because of its connotations of national citizenship, we chose to adopt the term and deliberately problematize it, teaching notions of critical citizenship that delink the word from nationalist and xenophobic notions, reclaiming it for a broader notion of personhood.
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Course Description
In order to obtain approval for the course to meet requirements for the Curriculum on Liberal Education, the wording of our learning objectives matched the requirements for the CLE. It was something of a surprise to us that the course was not considered appropriate to meet either the science or social science areas but was instead considered appropriate for art and design because of its focus on the latter. Thus the learning objectives for the course were finalized as follows:
1. Explore the interaction of engineering design and society, including the contributions of diverse groups with and outside of the profession; 2. Understand how those who produce engineered designs have shaped their ideas via formal engineering design processes and informal processes such as Making; 3. Examine intuitive and metaphorical thought processes in engineering design and their relationship to the human imagination and other intellectual abilities including engineering analysis; 4. Participate in interpretive discussions, lectures, and demonstrations led by engineers, Makers, and other citizens; 5. Explore connections between engineering design and other forms of design and creativity.
In particular, "intuitive and metaphorical thought processes" and "interpretive discussions, lectures, and demonstrations" would not have been a primary emphasis of the course if it had been tied to a different area of the CLE. This spurred creativity on our part and opened up new spaces for exploration as described below.
Content and Activities
The course consisted of four units:
• What is engineering? What is citizenship? What might citizen engineering be?
• Making • Engineering, Technology and Society • Case Studies of Citizen Engineering, including a local project
Developing definitions of Citizen Engineering. Through a series of readings and discussion, students explored multiple definitions of engineering (which they were asked to provide as class preparation). They read and critiqued the NAE Grand Challenges report 25 and participated in a lesson designed to consider the ethics of the Grand Challenges, 26 including brainstorming how the Grand Challenges might have been differently defined if non-engineers and non-experts had played a greater role. Introduction to design thinking in engineering and other disciplines followed some of the now classic texts and exercises in first year engineering, [27] [28] and incorporated some less conventional creative explorations based in the dramatic arts. 29, 30 Definitions of critical citizenship were explored through three readings. [22] [23] [24] To initiate conversation of what citizen engineering might be, students read a piece on participation action research as a tool for citizen science 1 and explored a number of efforts in design, many of them presented in art exhibits and developed by artists rather than engineers, that represent possible examples of citizen engineering. [31] [32] [33] [34] [35] [36] [37] [38] Students spent the rest of the semester collecting examples of citizen engineering and presented these toward the end of the course.
Making. The Maker movement is a confluence of "do-it-yourselfers," Whole Earth Catalogue technologists, and others who see opportunities in the emergence of low-cost fabrication techniques. Maker spaces, organized by and for members of the public with any level of technical expertise, offer a multiplicity of visions tied together by the common thread that these are supportive, collaborative places where users can creatively explore technology and build designs toward any purpose they choose.
The central question of the unit on Making was whether and in what ways Making might represent a type of citizen engineering (or not). Can it can be practiced in ways that truly support citizen autonomy and community-based participation? After viewing Dale Dougherty's TED talk motivating making 39 as homework, a class discussion explored these questions in light of the earlier examples of citizen engineering presented in class. Adapting exercises from a course in Critical Making 40 for a novice audience, the students engaged several short-term in-class teambased exercises and one larger (but still brief) project in which they design and build prototypes of an artifact to improve dorm life. Again, the exercises drew more upon art than would normally be expected in an engineering course; for example, students were asked to construct from cardboard various expressions of abstract feelings and ideas. 40 Students developed prototypes for a modular easily collapsible and inexpensive shelving unit; a drop-down desk and collaborative workspace; and a stool/ladder/nightstand combination unit.
Engineering, Technology, and Society. Following on the hands-on Making unit, students considered the co-construction of technology and society through classic STS readings 41 and scholarship in participatory design. 3, 42 This exploration led directly to a consideration of the roles of citizens in large engineering projects in the energy and transportation sectors, including case studies of local opposition to the proposed Mountain Valley Pipeline, the DC Water lead contamination case (with some current discussion of the crisis that was unfolding in Flint at the time), and the successful efforts of the Clean Air Coalition in Tonawanda, NY to fight air pollution from a local power plant and bridge expansion project. [43] [44] [45] [46] [47] [48] [49] [50] Students attended a public meeting of the group opposing the local fracked gas pipeline project. Throughout the course there is an underlying argument that non-engineers can and should engage engineering, problematizing the notion of engineering expertise as unique. The engagement with the local anti-pipeline group that had significant knowledge about the project readily demonstrated this principle for the students who were completely new to the pipeline, its technical details, and its potential impacts on the region.
A series of short essays encouraged students to analyze engineering as a profession and consider their own roles as citizen engineers with the power to intervene as non-experts in engineering activities that impact society.
Observation and Student Feedback
In this first iteration of the course, one of the authors served as a participant-observer and ethnographer focused on student learning. The observer witnessed student engagement with course topics and with one another, and interviewed five students in the class individually. Additionally, one author was the grader for the course and his reflection on student work is included here as well. A more detailed account of the methods and findings of the interviews and observations as they relate to the development of engineering literacy are presented separately to the Technological Literacy/Engineering and Philosophy Division (TeLPhE).
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Interviews and Observations
Methods. Observations in the class and interviews with five students (83%) were the primary method of encouraging students to explain their own perceptions of their engineering literacy. [52] [53] [54] The semi-structured interviews focused on several aspects that could measure how their literacy changed, namely, in what they anticipated when they enrolled in the course and how the course met their expectations. Participant observation allowed the researcher to gain rapport with the students, while seeing firsthand the ways the students interacted with the concepts presented in the course. Informed consent was obtained per the requirements of our Institutional Review Board (IRB).
The format of the interview was simple. A graduate research assistant arranged to meet with the students in a public, yet quiet, space at the university, where the research assistant asked six questions, with room within the questions for additional, probing questions. The core questions centered around expectations of the course, perceived improvements in engineering literacy, and connecting engineering with majors and with citizenship.
Observations continued over the course of the semester, with all class periods observed. Activities in the course were documented, as were notes on assigned readings. All notes were documented through the researcher's jottings, which were transcribed by the researcher and annotated within a day of the class period. All students are described here by pseudonyms to protect their anonymity.
Findings.
A large component of what we found in the course of observations and interviews was an increase in confidence regarding action as citizens with engineering projects. "Confidence" emerged as students' choice of language, unprompted by our interview protocol (see Appendix).
Though students were initially hesitant to participate fully in conversations regarding engineering, especially critiques of engineering mindsets, they became more comfortable offering such critiques, as their confidence in discussing engineering increased. One student, Marley, found "a little more confidence and know more about it [engineering] than I did before." Another, Milburn, noticed that he was able to engage with engineering more deeply: I guess like my confidence is somewhat altered, because the way I look at things is more in-depth, so I have more confidence in what I say instead of like saying something that has no backing or saying something that I really don't have much knowledge about. Like if I actually look at it from the point of view of like an engineer looking at it, the way we've been looking at it this semester, I have more background knowledge to like back up my argument.
Their confidence increased in other areas, too. With several practice runs in the Making unit, students became more comfortable working in the engineering lab, knowing who could help and where to find material. Furthermore, they were willing to take more risks, looking at different notions of what would work for their constructions.
Two of the other students corroborated increases in confidence; Reness said, "My confidence in being able to like understand a more comprehensive view of projects has increased. […] Outside of my academics, engineering is just like a part of life that you have to try to understand in order to work well within the system." Rowena explained:
I think before I felt like, I couldn't interface because I wasn't super familiar with all the engineering things. But going to the [Mountain Valley] pipeline meetings and saying, wait, I don't know what you're talking about, and just having someone explain the vocabulary they're using, I feel like I become more able at realizing what I don't know and how to figure out how to learn that. In order to act with engineers, not necessarily maybe act as an engineer.
Students exited the course with a broader understanding of the components of engineering, that it is not a discrete part of society, nor is it apolitical. Instead, engineers are full people, complicated and involved in many communities. One student, who intends to major in engineering, said that this course encouraged him to enter the engineering field "with more of a mind toward citizens, non engineers and non experts. More of a willingness to cooperate with them directly on any local projects that directly affect them."
In observing the course, we found that students were most uncomfortable with the topics of ethics and participatory action research. Though through the interviews students revealed some understanding of these topics, their engagement was superficial at best. To be clear, students understood broadly the ethical responsibilities of engineers ("They have a moral obligation to try and help out the general public"), but the responses did not get any more complex. Students also saw participatory action research as something engineers could do, though not necessarily in their roles as engineers, divorcing "citizen" from "engineer" in many responses, as two completely separate entities.
In their course reflections administered by the instructor, it is interesting that students requested more time be spent on both ethics and the participatory action research aspects of the course, and less on Making activities. Often students shy away from those areas that make them uncomfortable and it speaks well of these particular students that they requested more time spent on the areas that challenged them most.
Students expressed their primary achievement in the course as learning how to better read engineering literature. The confidence gained through the course made the students more comfortable in their abilities to converse, to comprehend, and to understand a variety of engineering topics. This finding is particularly encouraging as it is an indication of improvement in students' engineering literacy, and in their becoming better citizens.
Student Work
Methods. Students were evaluated based on several essay assignments related to course readings and concepts applied in everyday life; their Making exercises, projects, and presentations; logbook entries, including sketches, reflections, ideas, and notes; participation in a local citizen engineering project of their choosing; engagement in classroom discussions; and an end-of-semester portfolio and reflection on learning. With only six students in the course, our analysis here takes the form of informal reflection from the perspective of one author who served as the graduate teaching assistant and grader for the course.
Findings. The hands-on assignments with Making provided students an opportunity to not only get involved in an engineering design process, but also appreciate the role of non-engineers, like themselves, in addressing everyday problems related to engineering. In the Making projects, pairs of students creatively identified and addressed problems in their dormitory environment following the design process: defining needs and design requirements, brainstorming and developing ideas, evaluating them, iterating on these steps, building a prototype, and suggesting possible ways of validating their design. Students demonstrated strong abilities to identify possible practical interaction of engineering design and society and artistically build prototypes which can help them to improve their environment. As stated by students in their report, time constraints and lack of access to a greater variety of materials were two obstacles preventing them from further developing their projects.
Students also were very engaged in their writing assignments, in which they demonstrated their understanding of the concept of citizen engineering, and explored the interconnectedness of technology and society. Students were evaluated based on writing quality, argumentation, engagement with course materials, and making connections with everyday life. Each assignment included a rubric that explicitly spelled out specific evaluation criteria. For example, all essays included criteria on writing quality and argumentation, as well as topic-specific criteria (e.g., on ethics, or critical analysis of technology in society):
WRITING QUALITY -Writing is clear, concise, and logical, with sufficient detail, free from casual language, grammatical errors and awkward sentence construction. Words are used correctly. Superfluous information omitted. Essay is well-structured with a clear introduction, development of thesis with supporting statements, and recapitulation that summarizes the main arguments. Document is professional in appearance, follows specified length guidelines, etc.
ARGUMENTATION -Sources are cited in APA format, including course readings and ethical frameworks used. Sources appropriately and sufficiently support argument. Support is specific and precise. Critical thinking is evident in consideration of multiple ethical frameworks and stakeholder perspectives. Counterarguments are anticipated and addressed. Statements are consistent within the context of the essay, without logical flaws. Avoids universalizing and oversimplification. Argument progresses logically and sequentially. Argument is persuasive and compelling.
Some students struggled with the writing assignments initially. However they showed improvement throughout the semester as measured through rubric scoring, responding to constructive comments provided using the assignment rubrics as a guide. In addition to rubric criteria, students learned through feedback to improve the flow of their writing through better transitions between ideas, and improved argumentation by following a claim-reason-evidence argumentation model. The quality of reflection improved over the course of the semester, as students engaged with course materials. Some exceeded expectations by critically engaging the concept of citizen engineering, successfully developing creative applied examples, and critiquing mainstream engineering practices based on course readings.
Discussion
The findings document some disruption of engineering expertise, with students gaining some agency and confidence in their discussions of engineering. At the same time, we did not find that students fully embraced a role of citizen engineer. Ultimately it may require a more direct confrontation of engineering expertise, either through a more immersive community based learning experience, and/or by reading and explicitly discussing the science and technology studies literature on this topic, to scaffold students' development in this area.
Our experience overall with the course needs to be understood within our institutional context, described in the introduction and course description. Although the course was designed for nonengineers and particularly students outside of STEM fields, those who enrolled for this iteration were three seniors majoring in the sciences, and three first-year students who intend to major in engineering but are not yet admitted to the College of Engineering. There was a mismatch between the course as designed for non-STEM students, and an enrollment of 100% STEM students that will be corrected in the future, probably by both recruiting students from social science and humanities majors, and by shifting content and activities to speak to STEM students who are likely to continue to enroll.
One of the major barriers to achieving the desired enrollment population is the fact that the CLE area this course meets is Art and Design. It is not the usual situation where a science literacy course meets a lab science requirement, or a math literacy course meets a quantitative reasoning requirement. The way the institution developed and defined its six areas of knowledge for the CLE, and the way power is negotiated across disciplines on the campus, the CLE approval team rejected our bid to designate the course as science (it would have needed a hypothesis-driven lab) and as social science (it would have needed quantitative study of human populations). Thus we ended up with a designation as an Art and Design course (emphasis on design). It is additionally problematic that the College of Engineering charges differential tuition, so that a student majoring in humanities or social sciences must pay additional fees per credit for the course. Students in other majors, such as business, already pay a differential tuition to the business school and are used to seeing these charges.
It was noted early on by the research team that our learning outcomes as driven by the CLE were not easily assessable. While our assessment for this first year with six students was conducted in an open-ended, qualitative fashion rather than a formal quantitative assessment of outcome achievement, we recognize the need to maintain a second set of course objectives for the purposes of assessing student learning and thus rewrote the course objectives for future use as shown in Table 1 .
Several issues account for the low enrollment. First, on this tech-intensive campus, excluding engineers from registering for the course significantly shrinks the pool of possible enrollees. Second, there was a delay in getting the course approved as part of the Curriculum for Liberal Education because of the ongoing revision process on campus. Due to this delay, the course was not available during spring registration for fall courses, nor during first-year registration in July. The only time the course was available for registration was during add/drop in the first two weeks of classes. Because of the transition and the status of the course as a pilot, students searching for courses to meet the CLE requirements don't see this course. They must rely on information from peers or advisors to become aware of the course as a means to meet their CLE requirement. We spread word through a flyer distributed through networks of associate deans and advisors across colleges, but it simply did not yield many students.
This population of students struggled with critical analysis and in particular with the central argument of the course that engineering ought to be democratized, that non-engineers can make crucial contributions that improve engineering practice and hold engineering accountable for its roles in society. Improved reading selection, better scaffolding for more challenging readings, alterations to pace and depth for certain concepts such as ethics, and smoothing out logistical challenges with the course should result in improved student learning.
As the university moves forward the rollout of the new curriculum for liberal education, the fit with the new categories should be better, as it will squarely fit in a new design area. The new curriculum supports creative interdisciplinary minors, and this course is currently a potential candidate for two such minors, and may become part of the undergraduate curriculum in Science, Technology, and Society as that develops. All of these collaborations will increase course interest and enrolment, and represent excellent opportunities for non-engineers to interface with engineering through the liberal arts. Students will be able to demonstrate the impact of intellectual abilities (e.g., intuition, imagination) on engineering design.
We hear a lot today about imagination, creativity, and intuition. Are these related to design thinking? How?
Participate in interpretive discussions, lectures, and demonstrations led by engineers, makers, and other citizens;
Students will be able to describe key lessons learned through their participation.
Describe one of the events you attended on campus or in the community. What did you learn?
Explore connections between engineering design and other forms of design and creativity.
Students will be able to illustrate connection between engineering design and nonengineering design.
Is there a relationship between engineering design and non-engineering design? What might this look like?
Conclusions
The concept of citizen engineering has proven to be a useful organizing tool for an engineering literacy course designed to introduce non-engineers to the field in a way that has resonance and relevance for students across disciplines, emphasizing interactions between technology and society, and public participation in engineering projects. After the first offering the course we have identified challenges within the institutional structure that we hope will improve with the rollout of a new curriculum for liberal education, and challenges students faced with some of the assignments and material that we will address with new readings, shifting emphases on different aspects of the course based on student feedback, and better scaffolding of student learning in some areas.
